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ABSTRACT 
 
 
Microbial Carbon Sources on the Shelf and Slope of the  
Northwestern Gulf of Mexico. (August 2005) 
Carlton David Rauschenberg, B.S., DePaul University 
Chair of Advisory Committee: Dr. Luis A. Cifuentes 
 
Over the past five years, gas chromatography/combustion/isotope ratio mass 
spectrometry (GC/C/IRMS) analyses of phospholipid fatty acids (PLFAs) has been 
increasingly used to link organic matter (OM) sources with sedimentary bacteria. This 
technique has been applied across diverse estuarine and coastal sediments, including 
lower Laguna Madre, TX, an oligotrophic, coastal lagoon dominated by a single OM 
source, seagrasses; shelf stations, a eutrophic coastal region receiving multiple sources 
of OM, hypoxic regions that occur seasonally and deep slope and abyssal plain 
sediments of the Gulf of Mexico (GOM). Previous reports using the Laguna Madre data 
as examples, have been used to make comparisons of PLFA 16:0 and PLFA 15:0 isotope 
ratios and PLFA 16:0 and total organic carbon isotope ratios. Deviations from the 1:1 
line in the former indicate living or recently senescent sources of organic matter are not 
predominantly bacterial. Deviations from the 1:1 line in the latter indicate living or 
recently senescent sources of organic matter differ isotopically from detrital or older OM 
in sediments. Prior to the work of Goni et al. (1998), carbon isotope ratios of OM in 
GOM sediments were interpreted as marine in origin. Based on a series of geochemical 
measurements, Goni et al. suggested that GOM sediments are largely composed of 
terrestrial organic carbon (OCterr). Furthermore, They went on to show that shelf and 
slope sediments were primarily C3 and C4 respectively. I report on the preferential 
utilization of autochthonous OM by sedimentary bacteria at the sediment surface and the 
shift to recalcitrant, terrestrially derived OM with depth. 
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INTRODUCTION 
Continental shelves and slopes account for less than 20% of all the oceans in the 
world (Walsh et al. 1981; Smith and MacKenzie 1987), but are the primary sinks of 
organic carbon (OC) in marine sediments (Berner 1989). The high concentration of OC 
along these margins is maintained by the export of dissolved organic carbon (DOC) and 
particulate organic carbon (POC) from rivers (Hedges et al. 1997). Each year rivers carry 
0.4 Gt of carbon to the ocean in the forms of DOC (0.25 Gt) and POC (0.15 Gt) 
(Schlesinger and Melack 1981). Current research suggests that the majority of marine 
derived OC is utilized within the water column before reaching the sediment (Hedges et 
al. 1997; Gordon et al. 2001). It has also been suggested that a large majority of 
terrestrially derived OC is exported from coastal margins to the shelf/slope and deep 
ocean (Bianchi et al. 1997; Goni et al. 1998). Both terrestrial organic carbon (OCterr) and 
marine organic carbon (OCmar) are likely sources of OC in the abyssal ocean. There is 
some debate, however, as to how much OCterr reaches the deeper regions of the ocean 
(Hedges and Parker 1976; Bianchi et al. 1997; Goni et al. 1998).  
By isolating lignin-phenol biomarkers that are indicative of terrestrial origin, 
such as vanillyl and syringyl, Hedges and Parker (1976) showed an exponential decrease 
in OCterr with increasing water depth along the shelf and slope. Similar to Hedges and 
Parker (1976), Goni et al. (1998) made stable carbon isotope measurements of individual 
lignin phenols and showed that OCterr close to the Mississippi River drainage basin had 
C3 terrestrial signatures whereas outer shelf and slope regions had a distinctive C4 
signature. Gordon et al. (2001) came to a similar conclusion in their study on the inner 
Louisiana shelf. They reported that more OCterr exported by the Atchafalaya River is 
remineralized on the shelf than is contributed by autochthonous activity. In addition, 
more autochthonous OC is remineralized in the water column as opposed to OCterr that 
undergoes degradation in sediments.   
 
 ______________ 
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Finally, Bauer and Druffel (1998) conducted an investigation concerning the relative 
concentrations of OCterr present in the Equatorial North Pacific and Western North 
Atlantic. Utilizing radiocarbon isotopic dating to determine age (D14C) and stable carbon 
isotopic techniques to determine the origin (d13C), they were able to show that input of 
OC from margins to the open ocean is greater than surface production OC to deep open 
oceans, and recent, surface-produced OC is degraded much faster allowing the refractory 
margin-derived OC to contribute more to the deep open ocean. Two important points can 
be taken from the research described above: (1) OC produced by marine plankton, in the 
form of POC and DOC, is efficiently recycled within the water column and 
water/sediment interface (see Wakeham and Lee 1993), and (2) OCterr is not as labile as 
OCmar resulting in higher concentrations available for export to the deep ocean.  
Keil et al. (1994) suggested that a strong relationship exists between mineral 
surface area and organic matter (OM) preservation and that this process may be the 
largest controlling factor of OM preservation. The binding of OM to sediment surfaces 
gives rise to a physical transport mechanism capable of OC transport. It was also shown 
that components of OCterr associate with distinct sediment types (Keil et al. 1998). They 
demonstrated along the Washington Margin that shelf sediments, which were coarse silts 
and sands, contained more lignin compounds than the fine silts and clays of the slope, 
which were high in n-alkanes, indicating compound-specific binding to source specific 
sediment types. Another important mechanism controlling the export of OC from coastal 
surface waters to shelf/slope sediments is sinking particulate organic matter (POM) 
(Minor et al. 2003). POM is the product of primary productivity, incorporating fecal 
pellets, amino acids, lipids, cell walls, carbohydrates, proteins as well as terrestrial 
derived molecules such as lignins and cellulose (Hedges et al. 1997). Minor et al. (2003) 
expanded on the work by Keil et al. (1994) with a study analyzing the changes of 
organic compounds in POM with depth. They suggested that in addition to sorptive 
binding of OC to mineral grains, the biological community is able to break down and 
utilize the compounds contained within POM. Minor et al. (2003) suggest that this is 
another fundamental process that controls the amount and type of OC to sediments.  
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Stable carbon isotope (d13C) analysis has many applications and has been widely 
used over the past 50 years. Due to isotopic discrimination in the different 
photosynthetic pathways utilized, C3 and C4 plants have unique stable carbon isotope 
signatures: -28‰ to -25‰, and -10‰ to -12‰ respectively (Fry and Sherr 1984). 
Temperate marine phytoplankton, on the other hand, has values of 22‰ to -19‰ (Fry 
and Sherr 1984). These differences in isotopic signature, in addition to the small 
fractionation of organic carbon (1‰) that occurs during the transfer of carbon from one 
trophic level to another, make it possible for carbon to be traced through food webs 
(Peterson and Fry 1987; Rundel et al. 1989). For example, Parker (1964) conducted an 
investigation in a shallow marine estuary near Port Aransas, TX. He compared the 
sedimentary stable carbon isotopic signature of the total organic carbon (TO13C) with all 
biological members of the marine community to determine whether carbon isotopes of 
individual species would reflect food chain patterns. With one primary source of carbon 
present in the system, Parker was able to utilize d13C values of organisms and roughly 
trace the pathways of carbon in the system. He identified the major end-member of 
carbon to the system and illustrated its complexity.  Haines (1976) conducted similar 
research in a Georgia salt marsh and concluded that either: 1) a substantial amount of 
estuarine carbon is derived from phytoplankton and C3 plant material or 2) the carbon 
from the dominant macrophyte is fractionated to a form that is different from the live 
plant. Stable carbon isotopes also present a practical way to characterize the health of a 
polluted system. For instance, Sackett (1986) describes a study in which large amounts 
of sludge were discarded off the coast of New York and the extent of contamination was 
under investigation. Stable carbon isotopes were sampled along a transect through the 
polluted dumpsite.  Unpolluted sediments in the area were -22‰ and the polluted site 
was -26‰, indicating the severity of contamination and providing researchers with a 
general idea of pollutant composition. These initial investigations laid the foundation for 
stable carbon isotope research in environmental studies. 
 The development of compound-specific isotopic analysis (CSIA) has made 
microbial biomarker isolation and analysis more practical. Conventional combustion 
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techniques for d13C analysis of microbial biomarkers were difficult and time consuming 
resulting in limited research concerning utilization of carbon by bacterial communities 
(Coffin et al. 1990). The ability to identify and trace specific compounds within OC has 
made it possible to undergo more thorough investigations of carbon cycling by 
identifying specific molecules and determining their d13C values (e. g., Goni et al. 1998; 
Cifuentes and Salata 2001; Jones et al. 2003). For example, Abrajano et al. (1994) used 
CSIA to demonstrate that fatty acids of marine mytilids from the Gulf of Mexico and 
Newfoundland have similar carbon isotopic signatures as their carbon source. The 
available carbon source in the GOM was CH4  (-52‰) whereas it was CO2 (-29‰) in 
Newfoundland waters. A novel use of CSIA is in the field of bioremediation. A study 
conducted by Lollar et al. (1999) examined the usefulness of CSIA in evaluating the 
extent of bioremediation occurring within chlorinated-hydrocarbon polluted systems. A 
consortium of facultative anaerobic bacteria cultured from a contamination site was used 
in laboratory tests to observe the degradation of trichloroethylene (TCE) and toluene. 
CSIA was used to analyze d13C of these compounds throughout the degradation process. 
Lollar et al. (1999) report that the large fractionation associated with degradation of TCE 
by a bacterial assemblage may provide a useful method for evaluating the process of 
bioremediation. 
Recent research has utilized CSIA technology in conjunction with microbial 
phospholipid fatty acids (PLFAs) to better understand the role of microbial populations 
in the environment (ie. Boschker et al. 1999; Cifuentes and Salata 2001; Jones et al. 
2003; Pancost and Sinninghe 2003). The use of microbial PLFAs as biomarkers for 
bacterial communities has many advantages over other biomarkers: (1) PLFAs are 
membrane constituents found in all living cells, (2) they are extremely labile after cell 
death, and (3) are easily extracted from sediments (Tunlid and White 1992). Teece et al. 
(1999) used Shewanella putrefaciens, a gram-negative facultative marine bacterium to 
demonstrate the isotopic fractionation of fatty acids under oxic and anoxic conditions. 
He concluded that anaerobically derived fatty acids were significantly more depleted in                      
13C (d13C = -37.8‰) than aerobically derived fatty acids (d13C = -28.8‰). Boschker et 
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al. (1999) utilized PLFAs and CSIA to study the source of carbon for bacterial 
communities in three distinct salt-marsh ecosystems. They used specific PLFAs as 
biomarkers to determine the carbon isotopic composition of the native bacterial 
communities present. Boschker was able to isolate methyl-branched i14:0 and i&a15:0, 
which are indicative of bacteria, and determine where the bacterial carbon source was 
originating. Boschker et al. (1999) report that in a Spartina dominated salt-marsh, the 
dominant macrophyte was not the prevailing source of organic carbon for bacteria; the 
dominant source was determined to be of algal origin instead. Jones et al. (2003) 
conducted a recent investigation examining the relationship between sediment bacterial 
communities and the seagrass Thalassia testudinum in Lower Laguna Madre, TX. Using 
methyl-branched PLFA i&a15:0 as a proxy for benthic bacteria, he showed that a close 
relationship is present between the dominant carbon sources (T. testudinum) and the 
benthic bacterial community (d13C of above ground tissue = -10.8, surface bacteria =      
-12.1). The findings of Jones et al. (2003) on the relationship between dominant 
seagrasses and carbon sources for bacterial communities differ from previous 
investigations conducted by Boschker et al. (1999) indicating that carbon flow in salt-
marsh communities is more complex than first assumed. Pancost and Sinninghe (2003) 
successfully utilized CSIA to examine carbon cycling in a peat deposit. By determining 
the d13C of lipids specific to individual bacterial and archaeal populations, they 
identified that the carbon flow in the peat deposit began with higher plants and traveled 
to aerobic bacteria, heterotrophic methanogens, and then to autotrophic methanogens.  
  The research described above clearly illustrates how d13C of fatty acids, in 
particular PLFAs, can be used to identify sources of OC to benthic bacterial 
communities. The Gulf of Mexico (GOM) provides a unique setting to study organic 
matter sources to benthic bacterial communities owing to significant inputs of terrestrial 
organic carbon (OCterr) from the Mississippi River and Atchafalaya River (Bianchi et al. 
1997; Goni et al. 1998; Gordon et al. 2001). If, as suggested by recent work, more OCterr 
is ultimately deposited and buried in offshore sediments of the GOM, then the specific 
terrestrial isotopic signature should be present in the bacterial PLFAs. I proposed to test 
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this hypothesis by comparing stable carbon isotopes of bacterial PLFAs in the Dead 
Zone region and along a shelf/slope transect of the Northwestern GOM. 
 
Experimental Design 
To test the hypothesis stated above, a variety of sampling locations were 
selected. The criteria used to determine these locations were bottom depth, 
environmental conditions such as oxygen concentrations and productivity, and  
influences from riverine sources.  The shelf stations are shallow with a suspected higher 
influence of OCterr being supplied to the benthic community. The Dead Zone or hypoxic 
zone is defined as <1.4 ml/L of dissolved oxygen in the water (Justic et al. 1993). The 
hypoxic station is slightly deeper (Table 1) than that of the shelf stations but with a 
significantly lower oxygen concentration. The hypoxic station should also have a higher 
OCterr signature due to influences by the Mississippi and Atchafalaya Rivers. The 
Mississippi Trough (MT) stations are significantly deeper (Table 1) than the other 
stations.   The sampling locations within the study area were selected to illustrate 
differences in bulk carbon isotopic ratios and bacterial communities. To illustrate the 
differences in utilization of individual carbon sources by benthic bacteria in differing 
ecosystems, a comparison was made between data collected from GOM samples and 
results published by Jones et al. (2003). Sedimentary TO13C was used in conjunction 
with PLFA to determine: (1) if bacteria make up a significant portion of total living 
biomass, and (2) to determine whether or not total living organisms are utilizing the bulk 
TO13C or a specific fraction. In addition to the use of carbon isotopic signatures, C/N 
ratios and %OC values were used to help elucidate the organic carbon usage by bacterial 
assemblages. Table 1 below lists the sampling station locations and the depths. Their 
locations in the GOM are shown in Figure 1. 
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Table 1. Sampling station locations and depths. 
 
 
 
 
 
 
 
 
 
 
Station Latitude Longitude Water depth (meters) 
MT-1 28 32.4352 89 49.7257 481m 
MT-2 28 27.0646 89 40.3563 678m 
MT-3 28 13.2246 89 29.7679 986m 
Hypoxic Zone 1 28 59.5500 92 38.5546 28m 
Shelf 1 29 38.4074 93 38.6871 9m 
Shelf 2 29 50.9454 92 38.2907 20m 
Laguna Madre 26 04.0482 97 25.1205 3m 
Bush Hill 27 37.1052 91 42.9825 500m 
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MATERIALS AND METHODS 
 
Site Description 
 The Northwestern Gulf of Mexico is different from other U.S. continental 
margins in that it is significantly influenced by terrestrial inputs from the Mississippi and 
Atchafalaya Rivers (Bianchi et al. 1997). The Mississippi River drains 40% of the 
continental U.S. (Milliman and Meade 1983), which is composed of C3 plants in the 
northern region and C4 plants near coastal areas (Teeri and Stowe 1976). Due to large 
amounts of OCterr and nutrients exported by these rivers, an area within the Mississippi 
River Plume becomes hypoxic between the months of April through October (Justic et 
al. 1993). This occurs from the increased nutrient load exported by the rivers (130.3 
million kg-atoms N/year), which increases primary production (Justic et al. 1993). Justic 
et al. (1993) suggest that the mechanism for transporting organic matter (OM) to the 
benthos is not sinking phytoplankton but fecal pellets from a well developed 
zooplankton community. The resulting hypoxic region within the GOM will provide a 
unique environment for certain benthic bacterial communities to thrive.  
 Outside the Dead Zone, shelf and slope waters are classified as oligotrophic due 
to diminishing anticyclonic warm-core eddies from the Caribbean Sea (Biggs 1992). 
Cyclonic cold-core eddies, scattered between warm-core eddies, replenish nutrient 
supplies through upwelling (Biggs 1992).  Phytoplankton communities are impacted by 
these events and populations vary over space and time (Biggs 1992). Lambert et al. 
(1999) conducted a study on phytoplankton diversity and distribution and found that 
diatoms and cyanobacteria dominate the shelf waters while prymnesiophytes dominate 
slope waters.  
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Fig. 1. Sampling locations in the Gulf of Mexico. Mississippi Trough (MT) Stations, 
Shelf Stations and Hypoxic Stations sampled in present study. Laguna Madre Station 
sampled by Jones et al (2003). Bush Hill Station sampled by Cifuentes and Salata 
(2001). 
 
 
 
Sample Collection 
 Sediment samples were collected with a box corer from one site within the 
hypoxic area, two sites in coastal waters, and three sites on the shelf/slope region of 
GOM during the summer of 2002 on the R/V Gyre (Figure 1). One box core was taken 
at each site. Core liners with a 6.5 cm inner diameter (i.d.) were pushed by hand to sub-
sample the box core. The depth of sediment collected was determined by the box core 
recovery. The depth of sediment collected in the core liner was approximately 30 cm. 
Two sub-samples were collected per site, and a total of 20 sub-samples were collected. 
Cores were capped at the top and bottom and immediately frozen. In the laboratory, 
cores were sectioned at 3-cm intervals, wrapped in aluminum foil, lyophilized, and 
stored at     –200C prior to lipid extraction. Phospholipid fatty acids  (PLFAs) were 
extracted (see below) from each sediment section. The d13C of bulk organic carbon 
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(TO13C) was also measured with standard sealed tube combustion (Cifuentes et al. 
1988). In addition to collection of sediments, sargassum samples were collected from the 
inner shelf of the Gulf of Mexico. A net was used for the collection of these samples 
taken off the coast of Galveston the following summer during a brief sampling trip.  
 
Sample Preparation 
The method used below was described previously by Cifuentes and Salata (2001) 
and Jones et al (2003). Slight variations were made to the procedure to accommodate 
sampling location. Before samples were thoroughly homogenized, pieces of shell were 
removed from each core section. Total lipids were extracted from each core section in a 
250 ml Erlenmeyer flask using a modified Bligh and Dyer procedure described by White 
et al. (1979). This method requires the combination of 30 g of sediment, approximately 
500 ng nonadecanoic acid (surrogate standard 19:0), and extraction solution consisting 
of milliQ-H2O:methanol:chloroform (0.8:2:1). The sediment was added to the extraction 
mixture using 1 g sediment:1 ml chloroform. The flask was shaken for 24 hrs. The 
sediment and solution are then transferred to centrifuge tubes and centrifuged for 5 min. 
at 2000 rpm. After centrifugation the supernatant was decanted into a 250 ml separatory 
funnel. MilliQ-H2O:chloroform was added to the separatory funnel for a final solvent 
volume ratio of 0.9:1:1. The separatory funnel was shaken vigorously to induce phase 
separation. When the upper aqueous phase was no longer cloudy the lower organic phase 
was collected into a 250 ml round-bottom flask. The solvent was removed using a rotary 
evaporator under N2. The remaining dark lipid extract was transferred to a 50 ml screw- 
cap test tube. The round-bottom flask was washed with chloroform, transferring residual 
lipid extract to the test tube. The excess chloroform in the test tube was removed under a 
stream of N2 and the total lipid fraction stored at -20oC.  
The lipid extract was then resuspended using a minimal amount of chloroform. The 
extract was loaded onto a silicic acid column (Supelclean LC-Si, Supelco, Bellefonte, 
PA.) for separation of lipid classes. Neutral lipids, glycolipids, and phospholipids were 
separated with equal amounts of chloroform, acetone, and methanol. The phospholipid 
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fraction was collected in a separate test tube. The other lipid classes were stored at -20oC 
for further investigation. 
Fatty acid methyl esters (FAMEs) were prepared from the phospholipid fraction with 
strong acid methylation (Salata 1999). The FAMEs are prepared in 1 ml of hexane 
containing an internal standard of eicosanoic methyl ester (21:0 MEI). The sample was  
analyzed using GC/C/IRMS. 
FAMEs were separated on a 30-m slightly polar methylsilicone bonded-phase 
capillary column (SPB-5) using He as the carrier gas with a flow rate of 14 cm-s. The 
injection temperature was maintained at 250 0C and the split set to 1:10. The temperature 
of the column was programmed from 100 0C (4 min.) to 150 0C at 5 0C min-1 and then to 
250 0C at 4 0C min-1. The compounds separated on the GC were converted to CO2 by 
means of a combustion unit utilizing an oxidized Ni/Pt/Cu catalyst maintained at 950 0C. 
The CO2 was passed into a Finnigan MAT 252 isotope ratio mass spectrometer (IRMS) 
for stable isotopic analysis. All carbon isotopic ratios are expressed in conventional d 
notation relative to Pee Dee Belemnite (PDB) by the following equation: 
 
d13CPDB (‰) = [(Rsample/Rstandard)-1] x 1000 
 
 
Where Rsample and Rstandard are the 13C/12C isotopic ratios of the sample and the standard 
respectively (Craig, 1957).  The d13C isotopic ratios were determined by comparison to a 
working standard of CO2 (99.996%, d13CPDB = -11.66) introduced in triplicate at the 
beginning of each run. 
 When the free fatty acid is converted to a fatty acid methyl ester there is an 
addition of one carbon atom to each fatty acid. This additional carbon alters the isotopic 
ratio and can be accounted for using the following mass balance equation: 
 
 
 d13CFAME = (x) d13CFA + (1-x) d13CMeOH 
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where d13CFAME and d13CMeOH are the measured isotopic ratios of the fatty acid methyl 
ester and the methanol used in the strong acid methylation, respectively, and x is the 
fractional carbon contribution of the free fatty acid to the ester (Abrajano et al. 1994).  
All values presented in this investigation will be corrected using this equation. 
 A sub sample from each core section was prepared for sedimentary total organic 
carbon analysis (TO13C). Samples were acidified with 10% HCl to remove carbonates 
present in the sample. Approximately 10 mg of sediment were sealed in a quartz tube 
containing cupric oxide and combusted. The CO2 created by the combusted sediment 
was transferred cryogenically and analyzed on the MAT 252.  
 A portion of the acidified sub sample was used to measure elemental C:N. 60 mg 
of the acidified sample was weighed into a silver capsule and combusted at 1000oC on a 
Costech Elemental Analyzer. The combusted sediment first flows through a quartz tube 
filled with chromium oxide and cobaltic oxide to remove halogenated compounds. The 
remaining gas was reduced in another quartz tube filled with reduced copper wire. A gas 
chromatography column separated the gases and a thermal conductivity detector 
measured the concentrations. 
 The sargassum samples were washed with 10% HCl to insure the removal of 
carbonates present on the sample. The samples were then freeze dried and homogenized. 
Approximately 5 g of sample was weighed into a silver capsule and combusted using the 
Costech Elemental Analyzer to determine TO13C and C:N.  
 
Bacterial Abundance 
 In order to make measurements of bacteria, a biomarker that provides an 
unambiguous link to bacteria is required. Phospholipid fatty acids (PLFA) make up a 
significant portion of the lipids present within the cellular membrane. Iso and anteiso 
15:0 are specific types of PLFA’s that are only found in bacteria. 16:0 PLFA is another 
lipid that is found in all living of recently senescent organisms. These two compounds 
were used as biomarkers in this study. The relative bacterial abundance was determined 
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for each core section collected in the present study. In order to make the calculation, the 
following equation was employed: 
Relative Bacterial Abundance = i&a 15:0/16:0 
Where i&a 15:0 represent the peak area of the bacterial biomarker divided by the 
ubiquitous 16:0. The values used for the bacterial biomarker i&a 15:0 were the peak 
areas obtained during the isotopic analysis of the individual core sections.  The reason 
for this method was not to determine exact bacterial counts (Jones et al. 2003) but to 
understand how the microbial community interacts with the organic carbon present. 
Mancuso et al (1990) utilized a similar technique consisting of dividing the sum of the 
bacterial biomarkers i&a 15:0 by the ubiquitous 16:0.  This revealed the proportion of 
bacterial biomass in the sample. An increase in the ratio revealed an increase in the 
relative abundance of bacterial signatures present. Numerous studies have been 
conducted on bacterial concentrations in environmentally different locations on the 
ocean floor (Rowe and Deming 1985), thus influencing this investigation to focus on the 
relative concentrations at each sediment interval. By comparing the peak area of the 
bacterial biomarker i&a 15:0, values from each sampling station can be compared to 
determine relative increases and decreases in bacterial abundance. 
 In order to determine relative biological abundance of living or recently 
senescent bacteria, a modification of the formula utilized by Mancuso et al. (1990) was 
used: 
i&a 15:0 + 16:0/grams of sediment 
Where i&a 15:0 represents the peak area of the bacterial biomarker, 16:0 represents the 
peak area of the ubiquitous biomarker produced by all living organisms, and grams of 
sediment is the weight of sediment from each depth interval used to extract the 
biomarkers. Combining the two biomarkers allows for a comparison of biological 
abundance throughout a depth profile of each core.  
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Statistical Design 
 At each sampling station, two push-cores (n=2) were taken for each box-core 
retrieved. The data obtained from each core section were averaged for each station. This 
data are represented graphically in the following sections. Due to the large amount of 
samples, two replicate push-cores were taken but triplicate injections were not made for 
isotopic analysis. To avoid artifacts in statistical results, an independent one-way 
ANOVA test was used to determine whether individual sampling stations were different. 
The dependent variables used were d13C values of the total organic carbon (TO13C), and 
the bacterial biomarkers i&a 15:0 and 16:0. To determine significant differences for 
individual data points with depth in the sediment layer, a paired t-test was used.  
   
   
15 
RESULTS 
 
TO13C 
All sampling locations showed consistent down-core TO13C values. Mississippi 
trough (MT) stations had carbon isotopic signatures ranging from –22.1 to –20.3‰ 
(Figure 2). The hypoxic station also maintained a consistent down-core TO13C trend 
(Figure 3) with values from –21.1‰ at the sediment surface and –21.5‰ at the bottom. 
The Shelf stations varied slightly at the sediment surface with values of –21.2 and           
– 21.4‰. Both shelf stations became lighter down-core. 
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Fig. 2. Sediment TO13C values from the Mississippi Trough (MT) Stations. Data points 
represent averaged values from 2 replicate cores. 
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Fig. 3. Sediment TO13C values from the Hypoxic Station and Shelf Stations. Data points 
represent averaged values from 2 replicate cores. 
 
 
 
PLFA 
 Results from PLFA analysis are illustrated in Figures 4-6. Within the MT 
stations, the bacterial biomarker i&a 15:0 maintained large variations from sediment 
surface to core bottom. Station MT-1 had a value of -17‰ on the sediment surface and 
decreased to  
–19.7‰ at the bottom of the core. It is worth mentioning that at 25cm, i&a 15:0 was in a 
1:1 isotopic correspondence with TO13C (Figure 4). Similar patterns were found at 
stations MT-2 and MT-3. There was a large difference between TO13C and i&a 15:0 at 
the sediment surface whereas isotopic correspondence occurred at the bottom of the 
core.  
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Fig. 4. Down-core d13C values of the bacterial biomarker i&a 15:0 and 16:0 for MT-1 
(A) and MT-2 (B). Data points represent averaged values from 2 replicate cores. 
 
 
Such contrast can then be compared with the hypoxic station at which i&a 15:0 
was distinctively separate from TO13C at the sediment surface with values of –17.6‰ 
and -21.1‰ respectively (Figure 5). At the bottom of the core the difference in carbon 
isotopic values between the two were still maintained.  
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Fig. 5. Down-core d13C values of the bacterial biomarker i&a 15:0 and 16:0 for MT-3 
(A) and Hypoxic Station (B). Data points represent averaged values from 2 replicate 
cores. 
 
 
 
 The shelf stations (Figure 6) had d13C values of the bacterial biomarker i&a 15:0 
that were distinctly different from the TO13C in down-core samples. Shelf station 1 
began with an i&a 15:0 value of –17.1‰ at the sediment surface and bottom of the core 
with some variation, mainly below 7cm core depth. Shelf station 2 had a value of            
-18.1‰ at the sediment surface and -20.5‰ at the bottom.    
Phospholipid fatty acid (PLFA) 16:0, indicative of living or recently senescent 
organisms, followed a trend that was maintained throughout the MT stations. PLFA 16:0 
differed slightly from i&a 15:0 at the sediment surface in station MT-1 with a value of    
–16.8‰. At the bottom of the core PLFA 16:0 became more positive with a value of       
–15.6‰. The difference in PLFA 16:0 from sediment surface to bottom became larger 
with each consecutive MT station i.e., with increasing depth of the water column. 
(Figures 4-5). The difference between PLFA 16:0 and i&a 15:0 for the hypoxic station 
was relatively uniform when compared to the MT stations. There were no significant 
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differences between PLFA 16:0 and i&a 15:0 from the sediment surface to bottom. The 
two biomarkers maintained an isotopic separation of approximately 2‰ with PLFA 16:0 
being isotopiclly heavier.  
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Fig. 6. Down-core d13C values of the bacterial biomarker i&a 15:0 and 16:0 for Shelf 
Stations 1 & 2 (A and B). Data points represent averaged values from 2 replicate cores. 
 
 
At Shelf station 1, 16:0 had the same value of –15.1‰ at the sediment surface 
and bottom of the core. This trend was the same as i&a 15:0, maintaining a +2‰ 
separation. Shelf station 2 also had the same value of –15.8‰ at the sediment surface 
and bottom of the core with some variation in between. Station 2 showed a slight trend 
toward the isotopic value maintained by the TO13C at the bottom of the core. 
 
Percent Organic Carbon in Sediments 
Down-core concentrations of % Organic Carbon (% OC) ranged from 1.01% to 
1.18% for sediment surface samples at the MT stations. The highest %OC was observed 
at station MT-1. Values for core-bottom samples were consistently less than sediment 
surface samples. Minimum values of % OC at MT stations ranged from 0.65 to 0.9 
%OC. Sediment samples at the hypoxic station had 0.48% OC at the surface and 0.43% 
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OC at the bottom of the core. The two shelf stations displayed a decrease in %OC with 
increasing depth. Both the hypoxic and shelf stations had less % organic carbon at the 
sediment surface and bottom than the MT stations (Figure 7). 
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Fig. 7. Relationship of % organic carbon and depth in cores for MT (A), Hypoxic, and 
Shelf Stations (B). Data points represent averaged values from 2 replicate cores. 
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Fig. 8. Relative abundance of bacterial communities in MT (A), Hypoxic (B), and 
Shelf (C) Stations. Data points represent averaged values from 2 replicate cores. 
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Relative Bacterial Abundance 
The proportion of bacteria within sediment cores was determined by dividing the 
peak area of the bacterial biomarker i&a 15:0 by the ubiquitous 16:0. If the ratio 
increases, a larger proportion of bacteria is present. A decrease in the ratio indicates a 
lesser abundance of bacteria in the total biomass. A similar trend was observed at all 
sampling locations. The ratio increases with depth indicating that bacteria are becoming 
more prevalent among the total biomass represented by 16:0 (Figure 8). All stations 
show similar sediment surface values between 0.6 and 1.0. All stations increase to 
approximately 1.0 to 1.5. Station MT-3 displayed the largest increase down-core with a 
value of 2.1.  
The total proportion of living organisms in the sediment core samples (Figure 9) 
was determined by combining the peak area of the bacterial biomarker i&a 15:0 with the 
ubiquitous 16:0. This takes into consideration bacterial and non-bacterial influences. The 
value is then divided by the total amount of sediment used to extract the biomarkers. A 
similar trend in all samples was the decrease in combined biological signals with core 
depth. The MT stations displayed more variability in biological signals for down-core 
samples than the other stations. The hypoxic and shelf stations displayed a rapid 
decrease with sediment depth. The hypoxic station contained the highest levels of 
biological signals with a value of 43.0 at the sediment surface.  
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Fig. 9. Relative abundance of all living organisms in sediments for MT (A), 
Hypoxic (B), and Shelf (C) Stations. Data points represent averaged values from 2 
replicate cores. 
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C:N 
The C/N values for the MT stations ranged from 9 to 11 at the sediment surface 
and 10 to 12.5 for core-bottoms. There was a general increase in C/N values down-core 
(Figure 10). Values for the hypoxic station began at 9.5 at the sediment surface and 
steadily increased to 11 at the core-bottom (Figure 10). Both shelf stations had a C/N 
value of 10.2 at the sediment surface and increased with depth.  
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Fig. 10. Down-core C/N ratios for sediments from the MT (A), Hypoxic, and Shelf (B) 
Stations. Data points represent averaged values from 2 replicate cores. 
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DISCUSSION 
 
Spatial Variations in Sediment Surface TO13C 
Although sampling locations in the present study varied significantly with 
respect to water depth (shelf to slope) and environmental conditions (hypoxic to oxic), 
TO13C did not vary substantially among locations (Figure 11). The mean TO13C value 
measured in this study, about -21 ± 1‰, was well within the range reported by Goni et 
al. (1998;        –21.7 to    -19.7‰) in the same region. Similar values found at all 
sampling locations indicate a common type of organic matter (OM) and the presence of 
recalcitrant OM in the sediment. These TO13C values could be interpreted as a signature 
dominated by autochthonous OM but Goni et al. (1998) argued this would be incorrect. 
They suggest a predominantly terrestrial signal consisting of C3 and C4 vegetation 
originating from the Mississippi River drainage basin. To help substantiate their 
argument Goni et al. (1998) conducted radiocarbon dating on the TOC of surface 
sediment and found ages ranging from 2580 years before present (ybp) for inner-shelf 
samples to 6770 ybp for deep-slope samples, indicating terrestrial in origin. 
Autochthonous detritus in surficial sediments   (0-2 cm) has been shown to vary in age 
from 3 ybp in nearshore environments to 400 ybp offshore (Lin 1990). Goni et al. (1998) 
concluded that the TOC present in the GOM is terrestrial in origin and highly reworked. 
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Fig. 11. Sediment surface TO13C values from the present study as well as from previous 
investigations by Jones et al. (2003) and Cifuentes and Salata (2001). 
 
 
Variations in d13C of Sediment Surface PLFA 
The bacterial biomarker i&a 15:0 and ubiquitous 16:0 can be used in conjunction 
with TO13C to help elucidate the cycling of OM in benthic communities. These 
biomarkers are closely linked to the organic carbon pool due to the utilization of OM or 
a specific fraction therein. This allows for the determination OM being taken up by these 
organisms.  
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Fig. 12. Sediment surface d13C values of i&a 15:0 from the present study and Laguna 
Madre. The two solid lines indicate isotopic correspondence with TO13C. 
 
 
Isolated environments favor the unique determination of carbon sources for 
bacterial communities. The sources of carbon fueling benthic communities in Laguna 
Madre (Jones et al. 2003) and Bush Hill (Cifuentes and Salata 2001) have significantly 
different TO13C values. The seagrass station is dominated by the species Thalassia 
testudinum with a reported above ground tissue d13C value of –10.8‰ and a TO13C 
sediment surface value of –11.5‰  (Jones et al. 2003). This demonstrates that the 
primary source of OM for this area originates from the seagrass. Considering this 
distinction, stations sampled in the GOM showed uniformity in sediment surface d13C 
values for i&a 15:0 (Figure 12). When the bacterial biomarker i&a 15:0 falls within the 
limits of isotopic correspondence; i.e. d13C of i&a 15:0 = TO13C, the bacterial 
community present in that location is utilizing the majority of TO13C present. If the 
values are not in isotopic correspondence with TO13C then the bacterial community is 
utilizing another source of organic carbon. It can also be the case that instead of using a 
completely isolated source of organic carbon, the bacterial community is utilizing a 
specific fraction of the TO13C available, perhaps a more labile fraction. The Laguna 
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Madre station is the only sediment surface sample that is in isotopic correspondence with 
TO13C (Jones et al. 2003). The bacteria, represented by i&a 15:0, are utilizing the 
dominant source of carbon (Jones et al. 2003). When comparing the GOM stations, all 
are similar in value (Figure 12). The recalcitrant nature of GOM sediments combined 
with a small fraction of labile autochthonous OC explain the lack of isotopic 
correspondence between bacterial assemblages and TOC. These differences can be 
attributed to the uniquely productive location created in part, by nutrients supplied from 
the Mississippi River. In addition to high rates of productivity, the Mississippi River is 
introducing a complex mixture of terrestrial OM to sediments (Goni et al. 1998).  
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Fig. 13. Sediment surface d13C values of 16:0 from the present study, Laguna Madre, 
and Bush Hill. The two solid lines indicate isotopic correspondence with TO13C. 
 
 
An important aspect of this study is to understand the relationship between living 
carbon and TO13C in coastal and deep ocean environments. Sediment surface values for 
the biomarker 16:0, representative of all living organisms, are shown in Figure 13. 
Failure to reach isotopic correspondence between d13C of 16:0 and TO13C indicates that 
living or recently senescent organisms did not utilize a significant portion of the TO13C.  
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Fig. 14. Sediment surface d13C values of i&a 15:0 and 16:0 from the present study and 
Laguna Madre. The two solid lines indicate isotopic correspondence with TO13C. 
 
 
By making a comparison between Figures 12 and 13, it becomes apparent that the 
bacterial biomarker i&a 15:0 is closer to isotopic correspondence than 16:0. This 
indicates that there is a specific and sufficient supply of organic matter that is providing 
isotopically different carbon to the organisms represented by 16:0. By comparing i&a 
15:0 with the ubiquitous 16:0 (Figure 14), it becomes evident that bacterial assemblages 
are not in isotopic correspondence with living carbon. The Bush Hill station is a 
thermogenic methane seep that creates a unique environment with chemosynthetic 
communities and bacterial mats (Chen et al. 2004). The Bush Hill station is not in 
isotopic correspondence with TO13C. Owing to high concentrations of methane, bacteria 
are able to utilize methane as a source of carbon, thus generating a specific isotopic 
signature in the organic carbon present in the sediments (Kotelnikova 2002). Organisms 
represented by 16:0 are receiving the majority of their carbon from the methane expelled 
from the seep (Cifuentes and Salata 2001). In contrast, the d13C of 16:0 at the Laguna 
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Madre station is in isotopic correspondence with TO13C (Jones et al. 2003). This is 
expected due to the isolated source of organic carbon present in this environment. Jones 
et al. (2003) suggested the isotopic correspondence between 16:0 and TO13C found in 
Laguna Madre is occurring because the dominant seagrass is the primary contributor of 
16:0. 
 
Down-core d13C Variations in Sediment  
Owing to the recalcitrant nature of the sedimentary TOC, hypoxic and shelf 
stations remained consistent in TO13C values with depth (Figures 2-3). This is mirrored 
by bacterial biomarker i&a 15:0 data illustrated in Figures 4-6. The bacterial 
assemblages present in all surface sediments have a distinctly different d13C signature 
relative to the bulk sedimentary organic carbon. This indicates that bacteria are 
selectively incorporating a more labile portion of TO13C. The slope stations, however, 
illustrate a different pattern. The variability displayed in down-core measurements of 
i&a 15:0 and 16:0 at the Mississippi Trough stations (MT-1 through MT-3) suggest 
different fractions of OM are being utilized. At the MT-1 station, the bacterial biomarker 
i&a 15:0 displays a trend of becoming more negative with depth (Figure 4). Comparison 
of i&a 15:0 and TO13C indicate that bacterial communities are utilizing a specific 
component of TOC at the water-sediment surface interface. As the depth increases the 
d13C of i&a 15:0 gradually becomes more negative until it reaches isotopic 
correspondence with TO13C at the bottom of the core. The correspondence between i&a 
15:0 and TO13C illustrates the change in OM being used by the bacterial community 
from the top of the core to the bottom. This general trend persists with MT-2 and MT-3 
stations demonstrating the change from one source of OM at the top of the core and 
eventually utilizing the recalcitrant TOC at the bottom of the core. (Figures 4 and 5). 
Jones et al. (2003) found similar processes occurring in the Laguna Madre seagrass site. 
He found that at certain depths where root biomass is highest, bacterial i&a 15:0 varies 
significantly from TO13C. Jones et al. (2003) attributed this deviation to the release of 
soluble carbohydrates that were being incorporated by bacteria. 
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The research by Goni et al. (1998) showing that TOC in the GOM is highly 
recalcitrant OM derived from terrestrial sources raises the question of what the bacteria 
are consuming is raised. It was shown that a large percentage (>50%) of the sedimentary 
TOC from the inner shelf and slope regions of the GOM contained lignin phenols 
indicative of C3 and C4 vegetation (Goni et al. 1998). Furthermore, Goni et al. (1998) 
demonstrated that lignin phenols representative of C3 and C4 plants had d13C values of     
–26.3 to –17.5‰ respectively. Given the d13C values of i&a 15:0 (-16.9 to-18.0‰), it is 
possible that the bacterial assemblages are consuming a more labile fraction of the 
sedimentary TOC that originated from terrestrial sources. Another more likely 
explanation is the bacterial assemblages are consuming a newer more labile OC that is 
autochthonous in origin. 
The more ubiquitous 16:0 was near isotopic correspondence with i&a 15:0 at the 
sediment surface for station MT-1 and at 10cm. The correspondence at the sediment 
surface can be explained by the benthic microbial loop. This complex cycle uses and 
recycles OM, distributing it to differing trophic levels (Pace et al. 1984). Jones et al. 
(2003) found that an isotopic correspondence between i&a 15:0 and 16:0 is 
representative of the bacterial community constituting the majority of living or recently 
senescent biomass. The correspondence at 10cm is not representative of this feature but 
possibly from predation of the bacterial assemblage by benthic fauna. Benthic fauna 
such as meiofauna and protozoans have been shown to graze heavily on bacteria (Sun et 
al. 2002). A decrease occurs in bacterial abundance at 10 cm, supporting the likelihood 
of predation.    
A common trend present at all MT stations was the gradual departure from 
isotopic correspondence at the sediment surface between i&a 15:0 and 16:0 (Fig. 4-5). 
As the water depth at each slope station increased, the bacterial biomarker i&a 15:0 
became more negative and the ubiquitous 16:0 more positive. This departure at the 
sediment surface is two-fold. The MT-1 station shows that the bacterial community in 
addition to other higher trophic level organism are engaging in the benthic microbial 
loop and cycling the same OM source at the sediment surface. The MT-2 and MT-3 
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stations show a departure from this relationship due to a change in the source of organic 
matter. A decrease in C/N ratios throughout the slope stations suggest a change in OM 
(Figure 5).  This is expected due to the location of the sampling sites. MT-1 is the closest 
to land, which explains why MT-1 would have more influence from terrestrial organic 
matter sources. MT-3 being the most distal sampling location explains why it receives a 
larger fraction of autochthonous OM. All MT sites display an increase in C/N down-core 
which is likely due to the loss of nitrogen (N) from diagenetic activity (Patience et al. 
1990). This corresponds well with the relative decrease in % organic carbon (%OC) with 
depth at all MT stations.  
Samples collected at the hypoxic site in the Gulf of Mexico (GOM) show a 
different trend. Similar to the Mississippi Trough stations, the TO13C remains constant 
with depth (Fig 5). The bacterial biomarker i&a 15:0 was found to be less variable with 
depth in contrast to the MT stations. A major difference occurred at the hypoxic station 
where isotopic correspondence is never reached between i&a 15:0 and TO13C. This 
indicates a constant and sufficient supply of OM, other than bulk TOC, that is being 
utilized by the benthic bacterial community. The more ubiquitous 16:0 becomes slightly 
more negative with depth. Isotopic correspondence was never reached between i&a 15:0 
and 16:0 in the hypoxic location. This indicates that the bacteria represented by i&a 15:0 
did not contribute significantly to the formation of 16:0, thus, the organisms represented 
by 16:0 are utilizing a specific fraction of the TOC as are the bacteria (Figure 5).  
There are several likely reasons for these differences. Van Moody et al. (2002) 
conducted a study in the Equatorial Tropical North Pacific (ETNP) to determine how 
suboxic and anoxic conditions effect the degradation of sinking particulate organic 
carbon (POC) on its way to sediments. They concluded that more POC reaches 
sediments and is less degraded in suboxic water columns. Since the hypoxic station 
sampled in this investigation maintains similar characteristics as the previously 
mentioned study, it can be assumed that a larger amount of OC reaches the sediment. It 
can also be assumed that the OC reaching the sediment is less degraded and contains 
more labile OM. The high concentrations of sedimenting POC with a significant input of 
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OCterr supplied by the Mississippi River (Goni et al. 1998) provide bacterial 
communities a steady source of labile OC. Sun et al. (2002) demonstrated that organic 
matter is degraded at a slower rate in hypoxic conditions. This means that the increase in 
OM reaching the sediment is going to last longer, allowing the benthic community to 
selectively utilize the OC during seasonal hypoxic events. Sun et al. (2002) also showed 
that grazing on bacteria is significantly reduced in hypoxic regions. This corresponds 
well with the greater abundance of bacteria detected at this station (Figure 8). This is 
likely due to the high rate of OM remineralization (Justic et al. 1993).  
In contrast to the previous observation, the %OC is lower at the hypoxic station 
than the MT stations (Fig. 13-15). This is in disagreement with studies by (Sun et al. 
2002) showing that hypoxic environments decrease OM degradation. It is likely that the 
temporal component related to the hypoxic region in the GOM is dynamic and fluctuates 
significantly. This would allow an increase in bacterial abundance due to a loss of 
grazing (Sun et al. 2002) as well as rapid OM degradation. The C/N signals observed in 
the hypoxic station are similar to those observed at the MT-3 station. This seasonally 
hypoxic region was located just off the coast of Louisiana at the time sampling occurred. 
Based on the location, it was expected that the surficial sediment sample would have a 
more terrestrial C/N signature, similar to that of station MT-1. Instead, it had a more 
autochthonous signature. This signature is probably related to the extremely high 
productivity rates that occur in this region due to high nutrient concentrations being 
transported by the Mississippi and Atchafalaya Rivers. The high primary productivity 
leads to an increase in sedimenting phytodetritus. Since the location is hypoxic this 
causes more phytodetritus to reach the sediment surface (Sun et al. 2002), thus 
influencing the C/N with a more marine signature (9.5) Tiessen et al. (1984) showed 
C/N values of soils from the Mississippi River drainage basin to range from 10-13. This 
indicates that the hypoxic station is being influenced with OM from both the OCterr 
supplied by the Mississippi River and autochthonous sources.  
  The shelf stations display a trend similar to the hypoxic station but different  
from MT stations in that the i&a 15:0 values remain relatively consistent down-core 
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(Figure 6). The ubiquitous 16:0 and i&a 15:0 also maintain the same isotopic 
differences. This leads to the assumption that the benthic organism(s) responsible for 
creating the d13C value for 16:0 are linked to the bacterial assemblages present. This is 
reinforced by the nearly identical isotopic differences in i&a 15:0 and 16:0 with depth in 
shelf station 1 (Figure 6). It has been shown that benthic macro and mesofauna (Sun et 
al. 2002) are closely linked to OM degradation, transport, and bacterial grazing. One 
possibility is that the benthic fauna are selectively utilizing a specific labile portion of 
the bulk OC. The waste and/or partially degraded fraction is then made available to the 
bacterial community.  
Shelf stations also have a C/N ratio indicative of OCterr input (10.3). Due to the 
close proximity to coastal regions, this is expected. Similar to the hypoxic station, the 
bacterial abundance is high, relative to the MT stations (9). In addition, the %OC is low 
relative to the MT stations (0.36). The C/N ratios down-core were different than those 
observed at the other GOM stations in that they remained relatively constant. The 
similarity of C/N ratios down-core is likely due to the preservation of carbon (Patience et 
al. 1990). The low %OC and high bacterial abundance indicate a high rate of OM 
degradation.  
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Fig. 15. Flow diagram of OM constituents and fractions as described by Goni et al. 
(1998) and Gordon and Goni (2004). 
 
 The fate of OM transported into the GOM from the Mississippi River is an 
essential component in understanding the utilization of OM by bacteria in GOM 
sediments. Are bacterial communities utilizing a specific fraction of terrestrially derived 
OM? Gordon and Goni (2004) showed that a marine signature is identical to a 
heterogenous OCterr signature composed of both C3 and C4 OM. It is likely that marine 
OM is contributing the specific fraction of OM to bacterial communities at outer shelf 
and slope locations based on estimates from Goni et al. (1998) and Gordon and Goni 
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(2004). This becomes apparent due to the homogeneous bacterial biomarker signal 
obtained at all locations. This is inferred from the similarity in isotopic signatures 
observed in the bacterial biomarker i&a 15:0 (-17.5±0.5‰) at all sampling locations. I 
propose that an autochthonous source of OC is reaching the sediment surface interface. 
Its descent through the water column has slightly altered the carbon isotope ratio causing 
it to be more 13C enriched. Gordon and Goni (2004) have shown that marine OC is 
significantly more labile. Bacterial assemblages preferentially consume this more labile 
autochthonous source of OC before utilizing the recalcitrant OCterr. Given that terrestrial 
OM is highly degraded and recalcitrant, it seems an unlikely source for the more 
positive, labile fraction observed in bacterial assemblages. Goni et al. (1998) 
demonstrated that a significant portion of GOM sediments were old, indicating a 
terrestrial origin. It is possible that a unique fraction was overlooked when measuring 
bulk sediments. Perhaps dating specific compounds should be employed in upcoming 
investigations.  
 Another question arises in regard to the depth at which the ubiquitous 16:0 is 
found in sediment samples. How does this biomarker, indicative of all living or recently 
senescent organisms, achieve such depth in deep ocean sediments? Hughes et al. (2005) 
collected box cores in deep north-east Atlantic sediment and found burrow cavities 
exceeding 26 cm in depth. He suspects that the burrows were created by echiuran 
worms. Considering the depths at which the worms can burrow, Hughes et al. (2005) 
determined that these megafauna are capable of sequestering phytodetrital material deep 
within borrows. Similar studies have shown that two species of ghost shrimp 
(Thalassinidea) have been found to burrow up to 30 cm in depth in Gulf of Mexico 
sediments (Stanzel and Finelli 2004). These studies indicate that it is quite realistic to 
obtain a biological signal for viable organisms at depths of 30 cm in GOM sediments.  
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Fig. 16. Illustration of origin for TOC and labile source of OC for bacterial assemblages. 
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CONCLUSION 
 It is imperative to understand the role that coastal oceans play in the preservation 
of carbon. In order to understand the functioning of the coastal ocean, we must 
determine where the carbon originated and how it is being incorporated into the food 
web. The data shown above illustrates that bacterial communities in the Gulf of Mexico 
are utilizing a specific, more labile fraction of the bulk sedimentary organic carbon at the 
sediment surface interface. The inner shelf stations and hypoxic station are different 
from slope stations (MT stations) in that bacteria do not revert to the TOC down-core at 
depths that were sampled. This is due to the high sedimentation rates present in shelf 
regions. It is suspected that deeper cores would show that bacteria utilize bulk TOC at 
greater depths once the more labile marine OC is gone. The slope stations appear to use 
up this labile fraction of the TOC at a shallower depth, thus resorting to the more 
recalcitrant bulk TOC.  This agrees with the findings of Gordon and Goni (2004). The 
authors found that the sedimentation rate for inner and outer shelf stations in the GOM 
are much higher than slope stations. Therefore, it seems likely that bacterial assemblages 
at similar depths in the GOM are mineralizing the labile fraction of TOC slower in slope 
environments rather than shelf stations (Figure 16). 
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